The significant difference between these waste solutions is that the high cesium salt solution will contain between 1 and 3 Curies of Cs-137 per gallon compared to a negligible amount in the current salt solution. This difference will require special engineering and shielding for a direct grout processing facility and disposal units to achieve acceptable radiation exposure conditions. The Cs-137 concentration in the direct grout salt solution will also affect the long-term curing temperature of the waste form since 4.84 Watts of energy are generated per 1000 C i of Cs-137. The temperature rise of the direct grout during long-term curing has been calculated by A. Shaddy, SRTC.' The effect of curing temperature on the strength, leaching and physical durability of the direct grout saltstone is described in this report. At the present time, long term curing at 90°C appears to be unacceptable because of cracking which will affect the structural integrity as evaluated in the immersion test. (The experiments conducted in this feasibility study do not address the effect of cracking on leaching of contaminants other than Cr, Hg, and Cs.) No crackiirg of the direct grout or 4 reference saltstone waste forms was observed for samples cured at 70OC.
At the present time the implications of waste form cracking at elevated curing temperatures has not been %lly addressed. The direct grout &Us within the definition of NRC Class C waste. NRC requires that Class C waste forms or their containers demonstrate structural integrity to qualify for disposal. Dkect,grout cured at 90" C will not meet the integrity requirement. However, the disposal vault may meet this requirement. Direct disposal of the cesium in grout is one of the alternatives identified in WSRC-RP-98-00166.2 In this proposed process, Cs-137 is not separated fiom the salt waste or concentrated supernate. It is instead sent to the new shielded Saltstone Facility. The resulting waste form would be classified as Class C low-level waste if disposal was regulated by the NRC. A new grout production facility is needed for this option. The new facility requires remote maintenance capabilities and a shielded cell for the grout production equipment. The test plan for this effort is presented elsewhere?
Comparison of Reference %Area Salt Solution and High-Cesium salt Solution
The average composition of the direct grout salt solution is listed in Table 1 and compared to the current reference salt solution composition. The average cesium concentration in the direct grout waste stream is estimated to be 1.65E4M (1.5 CYgal) .4
This waste and the resulting direct grout waste form which has about 40 % less curies per volume (about 250 Ci/cubic meter of saltstone) due to dilution with the cementing reagents fall within the NRC Class C waste category. The Cs-137 concentration limit for Class C waste is 4600 curies per cubic meter.' In addition to the minimum requirements for Class A, B, and C wastes, NRC has structural stability requirements for Class B and C waste? Stability requires that the waste form maintains its structural integrity under the expected disposal conditions. Structural stability is necessary to inhibit a) slumping, collapse, or other structural failure of the disposal unit if an engineered structure is not used and b) radionuclide release fiom the waste form that might ensue due to increases in leaching that could be caused by premature disintegration of the waste form. Stability is also considered in the intruder pathways where it is assumed that wastes are recognizable after the active control period.
To the extent practical, Class B and C waste forms should maintain gross physical properties and identity over a 300 year period. To ensure that Class B and C wastes maintain stability the following conditions should be met:
The waste should be a solid form or in a container or structure that provides stability after disposal. The waste should not contain fiee standing and/or corrosive liquids. The waste or container should be resistant to degradation caused by radiation effects.
The waste or container should be resistant to biodegradation. The waste or container should remain stable under the compressive loads inherent in the disposal environment. The waste or container should remain stable if exposed to moisture or water after disposal.
The as-generated waste should be compatible with the solidification medium or container. Simulated salt solution was made according to the following recipes. Cesium, mercury and chromium were spiked in amounts greater than the concentrations listed in Table 1 in order to determine differences between leaching performance in the various leaching tests. This was necessary given the detection level for non radioactive cesium used in these experiments. The dry cementitious reagents were premixed to simulate the Zkea process and then added to the salt solution. Mixing was carried out in a Waring blender for one minute at low speed. Samples were immediately cast into the appropriate containers for the various tests.
NRC

Testing
The approach was to compare the high-cesium, direct grout to reference saltstone with respect to the following properties: Set time
Bleed water
Processing (flowability of grout -subjective evaluation) Compressive strength (28 days) Leaching TCLP for Cr, Hg, Cs Radiolytic gas generation Durability Evaluation (limited testing modified A N S 16.1 soak test).
Curing
The curing was conducted at ambient temperature, 45", 70" and 90" C +/-5" C and 100 % relative humidity. This curing range is representative of the range of initial and long-term curing temperatures which could be encountered under actual field conditions.
Irradiation Experiments
Two samples of direct grout were cast in cylindrical containers approximately 1 x 4 inches in size. These containers were sealed during the 28-day cure period. One sample was cured a 24.5" C and the other: at 90" C. The moisture contents of these samples were measured to be 24 and 27 wt. %, respectively. The porosity of each sample was estimated to be 30 to 40 volume percent. These two samples were eadiated simultaneously at a dose rate of 4.2 E+5 radhour for 185 hours in a (3-60 source. The dose accumulated in the 185 hr irradiation experiment is equivalent to an approximate 34 year dose at a nominal 
18-24
Processibility, Set Time and Bleed Water Processibility was evaluated by visual observation. The direct grout slurry was compared to the reference saltstone slurry. The direct grout slurry was easily mixed in the Waring blender. The resulting slurry was fluid and was easily poured into the sample containers. The direct grout gelled (thickened to the extent that it was no longer pourable) in 25 to 30 minutes. The reference saltstone slurry was also very fluid and .pourable. However, it gelled in 20 to 25 minutes. Bleed water was not observed on either slurry formulation. Processing results are summarized in Table 3 .
Direct Grout Compressive strength was determined for samples cured for 28 days at 24.5,45,70, and 9 0 ' C. The relative humidity of all of the samples except those cued at 9 0 ' C was maintained at 100 %. The samples cured at 9 0 ' C were cured in the presence of excess watedwater vapor. However, cracks were observed on these samples when they were removed fkom the curing chamber. See Figure 1 . These samples also appeared dry on the outer surface. This was confirmed when the samples were examined after the compressive strength tests. The outer centimeter of the samples was obviously drier than the inner core.
Consequently the 9 0 ' C samples experienced some drying. Drying shrinkage is robably not the only explanation for the observed cracks since other samples cured at 90 C in sealed containers showed no drying and were also found to be cracked after curing.
Even though the direct grout and reference saltstone 9 0 ' C samples were cracked prior to the strength determinations the strengths were very high. Given the limited number of samples tested, the strengths of the direct grout and reference saltstone are similar for each curing temperature. Compressive strength results are summarized in Table 4 . The TCLP extract was also analyzed for Cs to give a relative comparison of the Cs leachability for the two formulations. The direct grout samples were spiked with about 20 times more cesium than is actually expected (1.5 Cdgal Cs-137) to assure detection above the reportable limit in the TCLP extracts since the objective was to evaluate the effect of curing temperature on cesium leachability. Based on the total cesium concentration in the direct grout samples (150 ug/g) between 11 and 16 % of the cesium was leached during the 18 hour TCLP test on crushed samples. This is consistent with the limited retention of cesium in the reference saltstone as modeled in the Z-Area performance assessment (~d = 2 for CS)." Hydrogen concentrations in air of 4 % or more constitute a flammable mixture.
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Assuming that the direct grout disposed of in the new saltstone vaults will not constitute a closed system (the grout and the concrete vault have open, interconnected porosity), the radiolytic gas production is not expected to result in accumulation of hydrogen in the pores of the saltstone or the air void spaces in the vault.
In addition, visual observation of the samples after irradiation to a 34 year dose indicated no degradation or cracking. However, a difference in the gas pressure versus irradiation time profiles was observed for the direct grout samples cured at 24" and 9 0 ' C.' Direct grout cured at 240 C showed a linear increase in pressure as a finction of irradiation time.
A Gvalue for the total gas produced was similar to the Gvalue for hydrogen (0.01 and 0.02, respectively). Direct grout cured at 90°C showed an initial depressurization followed by a linear increase in pressure. This is similar to the profile observed with CST irradiation.' Although the G(H2) was similar for the two samples, the sample cured at 90' C resulted in more total gas generation. A G value for the total gas produced was higher than the G value for hydrogen (0.07 and 0.03, respectively). This indicates that there was radiolytic production of gas other than hydrogen in the direct grout sample cured at 90" C.
Phase Determination X-ray diffraction analyses of specimens cured over the entire temperature range indicate the presence of poorly crystalline hydrotalcite, a hydrated magnesium silicate phase characteristic of hydrated slag systems. Gypsum, a hydrated calcium sulfate phase was also detected in all of the samples. The current analysis did not indicate any phase differences over the temperature range studied.
Immersion Test (Durabilityhtegrity Evaluation)
An immersion test to evaluate structural integrity is in progress. Samples cured at 24.5, 45,70 and 90°C are currently immersed in deionized water. These samples will be soaked for 90 days and then the compressive strength will be measured. To date, the only type of data available are the result of visual observations. Cracking was observed in the samples cured at 90°C at the time. the samples were removed fiom the molds. Samples cured at 70°C and lower did not show any signs of cracking. See Figure 2 . All of these samples were cured in sealed containers and did not experience significant drying. Consequently, the cracking observed in the direct grout and reference saltstone samples cured at 90°C is probably caused by a mechanism other than external drying. Crystallization of soluble or insoluble phases within the matricies of these samples is one possible explanation. However, additional studies are required to understand the cause of the cracking.
. . 
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CONCLUSIONS
Salt solution containing up to 6.4 M sodium salts and an average Cs-137 concentration of 1.5 CUgal can be stabilized in a saltstone waste form. Based on the results of this feasibility study and the current understanding of the effect of curing temperatures on long term properties, no formulation change is required. This statement assumes that pouring strategies,' raw materials temperatures and specifications, and Cs-137 and other radionuclide concentrations will be managed to maintain curing temperatures below 90°C. Based on the data available to date, the temperature threshold for cracking is between 70 and 90" C.
Direct grout made fiom 6.4 M sodium salt solution containing 1830 and 250 mg/L of Cr and Hg, respectively, were determined to be non hazardous based on the TCLP test. The direct grout saltstone has processing properties similar to those of the current saltstone waste form (except for the additional shielding and remote handling required for the higher activity in the high cesium waste).
Based on results obtained in this feasibility study, hydrogen gas generation due to radiolysis of the fiee water in the saltstone will not result in the accumulation of hydrogen above the explosive limit since the waste form is monolithic and there is no void space inside the closed vaults. In addition, migration of hydrogen gas through the waste form pore spaces is not expected to damage the microstructure of the saltstone since the pore space is interconnected.
Most of the cracking observed in samples cured at 90°C is attributed to drying shrinkage due to water evaporation. However, at least one other mechanism may be present since samples cured in sealed containers also cracked (too a lesser degree). The compressive strengths of the drect grout and reference saltstone cured at 90°C were high in spite of the cracking observed in the samples. This indicates that although the cracks were formed, they did not open. However, the cracks in the 90°C samples are opening in the immersion test, which requires a 90-day soak in deionized water. Depending on the results of this test, the direct grout and reference saltstone cured at 90°C for long term (28 days) may not pass the immersion test which is intended to indicate structural integrity/durability. In the present analysis, there are two options for addressing the results of the immersion test, 1) cure direct grout and saltstone below 90°C (samples cured at 70°C showed no cracking) or 2) take credit for the structural integrity of the vault (waste form container). Leaching experiments on direct grout cured over the temperature range 24 to 90' C is also recommended.
Additional irradiation and gas collectiodanalysis experiments should be conducted to fkther investigate the affect of curing temperature on the direct grout performance.
. Regulatory and performance requirements for direct grout should be determined.
Production and pouring strategies should be developed to meet the regulatory and performance requirements.
Tests should be conducted to determine the effect of changes in the salt composition on the properties of the direct grout in order to establish acceptable operating ranges.
Based on the results of this feasibility study, the current saltstone formulation range is adequate for the direct grout. However, if the short term curing temperature cannot be managed by applying a multi-cell pour strategy, then substituting granulated slag for
Grade 120 slag should be evaluated. The simplest way to control the long term curing temperature is to adjust the curie content of the wastdwaste form if long-term curing is an issue.
QUALITY ASSURANCE
Results are recorded in WSRC-NJ3-98-00204. Testing was conducted in accordance with SRTC procedures.
.. There are also non-destructive tests that can be performed to monitor strength development as opposed to compressive strength.
WSRC-TR-
Leaching :
The standard test is to undertake the TCLP test after 28 days. It is recommended that additional tedng is undertaken to.establish any likely affects ofthe higher heat loading on the overall cement microskucture.
~-
Radiolytfc gaslgaeration:
1 mfl
RZL'ON
The wasteform needs to be exposed to the cumulative radiation dose that the wastefonn will expdence during the evaluation period. This will not only establish the eff& of radiation on the wasteform stability, but can alsqbc uscd to establish the effects (if any) of dealing with any gas generated upon the cement microstructure. 
General comments:
The overall programme is focussed mainly on passing the necessary WAC. However as this. wastestream composition is now fundamentally different to the original Saltstme, i't is coflsidered that additional testing would be bmeficial in understanding the ongoing cementlwaste interactions taking place.
The programme does not indicate any timescales for the test period.
.
The suxogate needs to be prepared in as near as possible the same way as the waste will be produced during f5ture operations.
The programme appears to be focused upon dealing with a worst case scenario. It may be beneficial to consider a range of formulations to understand any changes occurring as fomulations change.
In terms of the actual process, I have assumed that the relevant operating envelopes and equipment deptoyed and established for the original plant will still be used in the new facility and are therefore outside the scope of these comments.
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